Introduction
Obesity is a growing public health problem determined by the interaction of numerous environmental and genetic factors. 1 Several genes and their products have been linked to adiposity. 2 Among these, leptin, the product of the obese gene (Lep) has a prominent role. 3 The leptin-deficient mice (Lep ob /Lep ob ) exhibit hyperphagia, obesity, hyperglycaemia, insulin resistance and diabetes. 4 Thus, Lep ob /Lep ob animals represent an excellent and very well studied animal model for the study of obesity and obesity-related diseases, such as diabetes, hepatic steatosis and others. 5 In fact, the combination of genetically modified animals with the Lep ob /Lep ob mouse model has proven itself extremely useful for linking genes with obesity. [6] [7] [8] [9] In a recent report, we were able to link kinins to the leptinmediated control of food intake and energy expenditure by studying the kinin B1 receptor knockout mice on a Lep ob / Lep ob background. 6 Kinins may act through two distinct G-protein-coupled receptors named B1 and B2. 10 While the kinin B1 receptor is traditionally associated with inflammatory processes and recently to metabolism, [11] [12] [13] the kinin B2
receptor displays broader actions in the control of blood pressure and hemostasis. 10, 14 In addition, the kinin B2 receptor has been linked to glucose homoeostasis, inducing glucose uptake in rat adipocytes in an insulin-dependent manner. 15 Furthermore, the kinin B2 receptor mRNA is less expressed in the epididymal adipose tissue of Lep ob /Lep ob mice when compared to the lean controls. 16 All this motivated us to establish a fast method to obtain double transgenic mice deficient for both leptin and kinin B2 
Fertility assay
To analyse the reproductive functionality of males, each male mouse was placed in a box with three females and the frequency of parturition as well as the number of pups of resulting litters was measured by visual inspection. To analyse the fertility of females, each female was placed with one fertile male; pregnancy, parturition and number of pups were verified weekly.
Adipose tissue transplantation
For transplantation, lean littermates (OB/OB or OB/ob) were killed and their adipose tissue removed and kept under sterile conditions in PBS. Three months old ob/ob receptor animals were anaesthetized with ketamine and xilasine (10 and 150 mg/kg À1 body weight, respectively), a dorsal trichotomy was performed, and after antisepsis, four WAT fragments (100-150 mg each) were then introduced subcutaneously through two little skin incisions (0.5 mm) in a total of eight transplantations. The time between the removal and the transplantation of the tissue was not longer than 10 min. The surgical incise was closed and benzylpenicillin and butorphanol were applied subcutaneously (50 000 IU kg Alternative method for ob/ob mice production Restoring fertility by WAT transplantation permits the crossing of ob/ob animals to obtain obese animals in F1 in 100% of cases. In a variant, transplanted homozygous males can be crossed with heterozygous lean females, generating 50% obese animals and 50% lean heterozygous animals. Identification of the genotype of the progeny by phenotyping avoids any necessity of genotyping to select animals for experiments or colony maintenance and/or amplification.
Alternative method for generation and production of ob/obB2À/À mice Lep ob /Lep ob (ob/ob) male transplanted with WAT were crossed with kinin B2 receptor knockout females (Figure 1b) . In the F1, all resulting animals were double heterozygous (OB/obB2 þ /À) exempting genotyping in the next step. The F2 progeny generated all nine different possible genotypes. For further crosses, we selected the desired animals (OB/obB2À/À females and ob/obB2À/À males and females) genotyping obese animals for the kinin B2 receptor gene and lean females for both genes. Two double mutant males were transplanted with WAT and crossed with some selected females to optimize the crossing scheme. After this step, genotyping was not necessary anymore because all animals in the F3 progeny presented only two genotypes (OB/obB2À/À and ob/obB2À/À) easily distinguishable by their appearance. Some homozygous females were transplanted to improve the production of double mutant mice by crossing two homozygous parents that thus generated offspring with only obese pups. We certify that all applicable institutional and governmental regulations concerning the ethical use of animals were followed during this research. All procedures were approved by the Ethics Committee of the University of Mogi das Cruzes (CEMEA/UMC 02/08).
Results
To produce ob/ob mice using the conventional method, the use of heterozygous animals is mandatory. To obtain these mice, however, the Lep ob mutation has to be detected by genotyping. If a double mutant animal is desired, the additional mutant allele has to be identified using additional genotyping procedures. Employing this traditional method, we generated ob/obB2À/À knockout mice ( Figure 1a and Table 1 ). For this purpose, three male OB/obB2 þ / þ and nine female OB/OBB2À/À were selected as progenitors (P) after genotyping. Resulting double heterozygous animals (OB/ obB2 þ /À) animals in F1 were then inbred after genotyping. In F2, all lean animals were genotyped for the kinin B2 receptor gene and the selected knockout animals for the kinin B2 receptor gene were additionally genotyped for the Lep gene. Thus, four male and seven female OB/obB2À/À were selected for a new crossing step. In total, 217 animals were used to obtain 11 ob/obB2À/À mutant animals. Furthermore, 93 genotyping reactions for the Lep gene and 61 genotyping reactions for the kinin B2 receptor gene were employed to obtain the desired animals ( Table 1) .
To accelerate both production of ob/ob mice and the crossing of mice to obtain double homozygous ob/obB2À/À animals, we proposed an alternative method by restoring the fertility of ob/ob animals by transplanting 1 g of peri-gonadal WAT from lean littermates. This operation is very simple and rapid, and consists in introducing under sterile conditions, small fragments of WAT subcutaneously into the receptor mice through small incisions in their skin.
After surgery, leptin started to be detected in the serum (Figure 2a ) and all animals quickly lost weight in comparison to sham controls (Figure 2b ). In addition, blood insulin levels were normalized after 60 days (Figure 2c ). All 10 ob/ob males transplanted with WAT had their fertility completely restored, being able to fertilize different lean females (Figure 2d ). All fertilized females had normal parturitions almost every month, and the resulting litters and pups had normal sizes (Figure 2e ). Most transplanted males maintained their fertility for at least 1 year after surgery (Figure 2f ).
To restore fertility in females, we transplanted eight female ob/ob mice with 1 g of WAT each. Some females transplanted had normal reproductive life with monthly parturitions, with an average of eight pups per litter. However, a few females exhibited cannibalistic behaviour mostly during their first litter. Furthermore, one mouse had four litters and then stopped reproducing, and another displayed tissue rejection of the grafted WAT and was unfertile.
In a model experiment, restored fertility of ob/ob mice was used to accelerate ob/ob animal production, as well as the production of a double transgenic animal, ob/obB2À/À. The general scheme for this experiment is shown in Figure 1b . Three weeks after surgery, a transplanted ob/obB2 þ / þ male was crossed with three OB/OBB2À/À females. The resulting heterozygous OB/obB2 þ /À mice from F1 were inbred without genotyping to produce 74 animals with diverse genotypes. All 36 females from this generation were genotyped for the B2 receptor gene, revealing two double mutant (ob/ obB2À/À) and six lean B2À/À. All six lean females were genotyped for the Lep gene, resulting in four heterozygous OBobB2À/À females. Nine obese males were genotyped for the B2 receptor gene, showing two double mutant males (ob/obB2À/À).
A combined strategy was then used to maximize the number of obese animals in F3. Both double mutant females and males were transplanted with WAT from lean siblings of the same generation and each transplanted male was paired with one transplanted female and two of the OB/obB2À/À females. In the progeny, 14 males and 13 females were double mutants. Furthermore, five male and six female animals were OB/obB2À/À in this generation.
In this experiment, a total of 136 animals were used to obtain 27 ob/obB2À/À double mutant animals. Only 45 genotyping reactions for the B2 kinin receptor gene and six for the Lep( Table 2 ) procedures were performed. 
Discussion
In this study, we propose an alternative method for the production of ob/ob animals and the generation of experimental animal models to study obesity by crossing ob/ob mice with other genetically modified mice.
To compare the conventional method to the method reported here, ob/obB2À/À double mutant mice were generated. According to our results, the WAT transplantation protocol turned to be easier, cheaper and more efficient than the traditional procedure. Several aspects presented here support this conclusion:
(1) The initial genotyping of the P-generation to detect OB/ob lean parents is not needed, as obese homozygous animals were used for crossing.
(2) WAT transplantation of ob/ob animals leads to 100% heterozygous (OB/obB2 þ /À) offspring in the F1 generation, eliminating again the necessity of genotyping animals. In # (10) 11~ (10) 38# (39) 36~ (39) 19# (21) 19~ ( Lep ob /Lep ob transgenic mice generation via WAT transplantation CC Barros et al the traditional method only half of the animals of F1 are heterozygous. We were thus able to obtain more double heterozygous animals for a second crossing, obviously increasing the potential for obtaining double mutants in F2.
(3) Breeding of double heterozygous animals leads to all possible phenotypes in F2. However, using our method, only the lean females were genotyped for the Lep gene for subsequent breeding. The ob/ob males were phenotypically selected and transplanted. In fact, genotyping the F2 generation for the Lep gene is not necessary. Two methods can be used to generate double-deficient mice without Lep gene genotyping. In one variant, both male and female obese mice in F2 are selected and transplanted (leading to 100% double transgenic mice in F3). In another variant, homozygous transplanted male mice are crossed with lean females of F2 and the phenotype of their pups is used to elucidate the genotype of the mother.
(4) Use of transplanted obese males leads to 50% obese mice in the F3 generation, instead of 25% as in the traditional method. In addition, all lean mice in this generation are homozygous for the B2 kinin receptor knockout allele and heterozygous for the Lep ob gene mutation. These animals are not only the preferential lean controls for experimental purposes, but can also be used for the reposition of female reproducers for colony maintenance and/or amplification without any genotyping steps.
(5) The total number of animals used in our method is by far smaller than in the traditional method. Using two transplanted obese females and four heterozygous lean females in F2, a total of 136 animals were used to obtain 27 double-mutant animals in F3 (five animals per double mutant). Compared with that, using the traditional method, we needed 217 animals to obtain 11 double-mutant obese animals (about 20 animals per double mutant).
The method suggested here is especially efficient when isogenic animals are used to generate ob/ob mice. However, our method brings a unique advantage in comparison to the traditional method when the animals to be crossed with the ob/ob mice are on a different background. In this case, when the use of littermates as experimental controls is mandatory, the conventional method yields not more than 6.25% double mutant mice and their respective controls in the F2 generation. Our method allows the transplantation and breeding of obese heterozygous, which result in up to 25% double-mutant mice in the F3 generation, in addition to all the necessary littermate controls.
When compared with other alternative methods of restoring fertility of ob/ob mice, like backcrossing to the BALB/cj background or injections of leptin, [21] [22] [23] the stability of restored male fertility and the simplicity/efficiency of our method considerably facilitates this task. One of our concerns during the design of the protocol proposed here was immune rejection. For example, a graft from males into females could not be accepted because female B and T cells are capable of recognizing proteins derived from the mouse male H-Y epitope (minor histocompatibility antigene). 24 It is also important to note that the leptin mutation did not arise in C57BL/6 but rather was backcrossed in this strain, thus elevating the risk of rejection of a graft from OB/ob heterozygote mice into ob/ob mice. We therefore used congenic animals from the same gender and injected a sufficient volume of WAT to avoid immune rejection and its effects. 18, 19 However, some animals gradually became infertile (Figure 2f ), which could be associated to increased graft rejection. Even though, our data showed that infertility occurred in a small percentage of the transplanted animals and thus does not compromise the advantages observed in the method. It must be also pointed out that the chromosomal position of the target mutations to be combined with the Lep ob allele is an issue to be considered, when applying this method. If the second gene mutation is on the same chromosome of the Lep gene (chromosome 6 in the mouse), obtaining double mutants by crossings becomes extremely difficult as they may segregate together. In this situation, the desired animals result only from cromosomal crossing over, and thus the probability of success of the method is directly correlated to the distance between the two genes on the same chromosome.
In conclusion, we were able to show that WAT transplantation stably rescues the infertility of ob/ob mice for a period of at least 1 year. This could be used to facilitate the generation of ob/ob mice with an additional mutation and thus reduce costs, labour and the number of killed animals used in ob/ob colony generation and maintenance.
